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ABSTRACT

This thesis demonstrates the feasibility of com-
puterized assignment of HNaval enlisted personnel to fleet
units. A model is constructed for determining the utility
of each man for each possible ship assignment. Then
various methods of assignment are investigated to find
one which maximizes the summed utilities of assignment.

To Illustrate its capabilities, the wodel is then applied
to several sample sets of men and ships. The authors con-
clude that a model of this type should be implemented in

the llavy's personnel distribution system.
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1. Introduction.

The ultimate objective of all administrative

systems concerned with the movement of per-

sonnel is to maximize their utilization in

the fleet. The basic aim of all personnel

support systems, such as selection, classi-

fication, and training, is to ensure full

utilization of personnel if at all feasible.

The medium through which these ends must be

attaineE is the fleet personnel assignmenc

system.l3

Under the present system of fleet personnel assign-
ment, BUPBRS assigns about twenty types of specially
qualified people to fleet units. The remaining assign-
ments are made by the Type Command Representativean
(TYCOMREP) at the Enlisted Personnel Distribution Offices
(EPDO)., The TYCOMREP personnel assigners make their
assignments on a one-at-a~time basls, using their best
Judgment, various thumb rules, and a number of rolicy
and concept guidelines. Some of the man-relatec param-
eters which must be considered include personal prefer-
ences, experience, training, number of dependents,
obligated service remaining, and present location of
the man and his dependents. These parameters must be
matched in proper sequence with the parameters desgcriptive
of the units to which the man c¢ould be assigned. Some
ship-related parameters are operating schedules, location,
homeport, status of personnel requirements, and requirements
unique to the particular unit. It can be seen that the
task of the personnel assigner in the present system is

a complex and difficult one.':-ig
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Since the days of "wooden ships and iron men," the
Navy has grown to such magnitude in physical size, number
of different types of operating units, and different skills
required to operate them, that manual means of assignment
are no longer acceptable. Even on a one-at-a-time basis,
it would be difficult and very tiae consuming for an
assigner to consider all pertinent parameters for each
man in an objective and consistent manner. It is almost
impossible to consider the array of all possible assign-
ments, given a group of men to assign to a number of ships. 4
But, to make the optimal set of assignments, the array of
all posslble assignments must be considered.

Given 2 number of units and a group of men to assign,
it is assumed that the desirability of each possible assign-
nent can be represented by an ordinal utility value which
is useful in relating that assignment to all other possible
assignments. Then, by "optimal" assignment, thz available
nen are assigned to units in a manner such that the summed
utility of all assignments is maximized. Of course, the
utility of an assignment must consider both the uiility of
the man for the ship and the utility of the ship for the
mane. HMaximum utilizaticn cannot be realized unless both
the ship's needs and the nan's needs are considered in
every case.

The determination of the utility of an assignment 1s
a particulerly difficult problem for the Navy. It might
also be considered a unique problem in that the operating

and dzployment schedules of rleet units causc the utility
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of the ussignment of a man to a ship to be time-dependenc;
i.es, the benefits a ship can derive from the assignment of
any man 1ls directly dependent upon that ship's state of oper-
ation. For example, all other things being equal, a man

may be more valuable to a ship preparing for deployment

than to a ship returning from deployment, or going into

the shipyard for overhaul. Some time-independent param-
eters affecting the utility of an assignment will be dis-
cussed later in the paper.

The discussion thus far has indicated that the con-
plexity and number of operations required in determining
the utility of each possible assignment and then finding
the optimal set of assignments is beyond the capability of
manual methods. Therefore, the use of computer technigues
is proposed as a method of solution to the assignment
problemn,

In a properly structured computerized assignment model,
all parameters involved in all possible assignments can be
considered in making the "optimal" set of assignments.,
Thorpe and Conner have postulated that an acceptable com-
puterized assignment model has to meet three basic reouire-
ments: first, it has to determine for which assignments a
man is eligible; second, 1t has to evaluate the utility
value or "return" fur each man in each billet for which he
is eligible; finally. the assignment model has to select
the set of assignments for which the total value of all men

avallable for assignment in all vacant billets is rnzucimized.[-la
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Ihese requirements constitute the basis fcr AUTAM
(AUTomated Assignment liodel), which the authors have
developed and analyzed as a demonstration of the feasi-
bility and effectiveness of computerized assignment.
2. lodeli.

As the name implies, AUTAM is a computcoized model
for assignment of personnel on the basis of utility. g
AUTAM is not just a theoretical exercise for computer
fanatics. 1t is, in fact, a useful assignment model

which can L implemented (with few changes) at any level

of personnel aduinistration.

In order to insure understanding at all levels, the
model was kept as simple as possible. For purposes of
asslgnment, an imaginary Type Command consisting of sixteen
ships was considered. Within this TYCOM only three ratings
were used: Boatswain's Mates, Quartermasters, and Signal-
uen. These rates were picked because they are nnt sensi-
tive tn Naval knlisted Classification codes (NiEC's) and
thus allowed a more compact program.

As previously stated, certain man and ship parameters
aust be metched in proper sequence in order to determine
a utility of assignment of each man for each ship. The
nurnber of parameters used in this model was kept to a
ninimum for the sake of simplicity. Significant omissions
fror the model are the man's LLC, performance evaluation,
and chotce of ship type. However, it was felt that the
inclusion of too many parameters would only add unnecessary

complexity to the model. A f{ew representative parameters
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4

were arbitrarily chosen to show how they might be adopted
to the program. Once the reader is familiar with the proc-
essing of the model, AUTAM can easily he expanded to include
any paramecters that might be required. The parameters con-
sidered in this mouel were:
Man-related: (1) Rating and pay grade.
(2) Take-up date (predicted date of
reporting on board).
(3) Homeport preferences.
(%) EAOS (expiration of active obligated
service).
Ship-related: (5) POB-6 (predicted on board count
six months from now for a given
rate and pay grade).
(6) EDP (enlisted distribution plan -
number of personnel required).
(7) Homeport.
(8) Overseas deployment date.
(9) Return date from deployment.

The usan-related parameters used in this model are
avallable on the punched-card standard-format assignment
deck for each man.[l] Appendix A gives a detailled descrip-
tion of all the man-related data that can be found on these
cards. The ship-related information is readily available
at all personnel distribution centers.

Having chosen the desired parameters, it was necessary
to derive the assipgnment variables as functions of these

parameters. This was accomplished by performing the

13




man-ship matching operation which was mentioned earlier.

In particular, the following relationships were examined:

(1)

(2)

(33

(&)

Man's rating and pay grade vs. ship's
requirements and POB-6 in that rating and
pay grade, pay grade above and/or bclow.
Man's take-up date vs. ship deployment
dates.

lan's homeport preferences vs. ship's
homeport.

EAOS date vs. ship deployment dates.

Although the use of these variables in the model

reflects the judgment of the authors, the model is not

restricted to these expressed and implied judgments. The

assignment "ground rules" used by any assigner or group

of assigners can be applied to this model with equal

effectiveness. To show how this might be done, the

"assignment policy" of this model is as follows:

A1l other things being equal between nen and/or

ships, it is desirable to accomplish the following:

(1)

"£ill", or even "overfill" slightly,a ship
preparing to deploy, in order to insure
that the ship has sufficient manpower to
meet its opcrational commitments and allow
for normal manpower attrition. This policy
also reduces the cost of transporting ad-

ditional men overseas to the ship.

1k
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(2) insure that an assigned man has sufficient
obligated service to complete the ship's
next deployment.,

(3) assign a man in accordance with his homeport

preference.

(4) assign a man to the ship which has the smallest

(POB-6)/(EDP) ratio for the rating concerned.
This is the most important factor in assign-
ment, In addition, the ratio of (POB-6)/(EDP)
for the pay grade above and/or below the subject
man should be considered. A man in arny specific
pay grade has positive utility to the ship which
is short of men in the pay grade above and/or
the pay grade below.

Using these criteria, the assignment variable, wijk’
was computed for the assignment of the il man to the jth
ship as follows:

(1) wijl - Is take-up before deployment? (Parameters

2 and 8)%
No - O
Yes - 1
Yes and <3 nonths before deployment - 22
lThe parentheses indicate which parameters are com-
pared to determine the answer to the question. See page 13
for parameter list.
2The values assigned for each answer are strictly

arbitrary. They reflect only ordinality of preference,
not relative magnitude of preference.

15




(2)

(3)

()

(5)

Wjyo - Is take-up during deployment? (Paramete~s
2, 8, and 9)

No - O

Yes - 1
wij3 - Is EAOS after return date? (Parameters
4 and 9)

No = O

Yes ~ 1
wiju - Is ship homeport one of man's preferences?
(Parameters 3 and 7)

No - O

2nd choice - 1

1st choice - 2
Wijx (kK =5, «.o 11) takes into account the POB-6
and EDP information. (Parameters 1, 5, and 6).
For the 1R man's rating and pay grade, the model
computes for the jth ship:

POB-6 + ,;)
EDP + .1 /]

For the 1th man's rating and pay grade above
and below, the following is computed for the

jth ship:

Pay grade above: (P + Py + .l)
E‘*EA*’.].

Pay grade below: (P + Py + .1}
E+ Ey + 1)

16
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where P = POB-6
E = EDP

SUBSCRIP1 NOTATION:
A = pay grade above
B = pay grade below

none = pay grade of interest
It is noted that a constant value of 0.1 is added to
both the numerator and denominator in the above ratios. The

0.1 in the denominator prevents division by zero and the

——
iy S-S

same constant in the numerator allows comparisons 1ln cases

where the POB-6 1s zero. Although the addition of this
constant does not alter the ordinal utility of an assign-
ment, it does bias the assignment in favor of the ship with
the larger EDP. Table 1 gives examples of how the addition
of the 0.1 effects the (POB-6)/(EDP) ratio. (In following
these examples, the reader is reminded that a low (P0B-6)/
(EDP) ratio corresponds to a high utility.)

First, comparing ships E and F in the table, it is
obvious that (POB-6)/(EDP) ratios cannot be computed
because both ships have LEDP's equal to zero. However, ;g
adding the 0.1 constant allows ratios to be determined as )
shown in row 4. 1In this case, ship F is overfilled by two
men and has the higher ratio. Therefore, ship » has the
higher utility and will be favored for the assignment.

A comparison of ships C and D demonstrates the case where

both ships have a POB-6 equal to zero. Since the ratio is
again indiscriminate, the addition of the constant 1is needed

to allow the ratios to be formed as shown in row 4,

18 i




Ship D i1s favored.

One final example is given to indicate how the addi-
tion of the 0.1 constant tends to bias the ratio in favor
of the larger sbip. In Table 1, ships A and B both have
the same ratio of C.5. However, after the addition of the
constant, ship B has the lower ratio and is favored for
assignment. Valid arguments can be presented both for
and against this procedure. Therefore, it is hypothesized
in this model that in those cases where the ratios are
equal, it 1s better to assign to the ship needing the most
number of men. To reverse this hypothesis, a small con-
stant could be subtracted with a slight arithmetic modi-
fication. Before leaving the (P0B-6)/(EDP) ratio, two
more facts should be mentioned: (1) AUTAM was arbitrarily
set up to compute the (POB-6)/(EDP) ratio for the 1%h pants
pay grade, pay grade above and/or pay grade below, in that
order. (2) The Wy 4k (k = 5,6,7,8,9,10,11) elements are
designated in the model as follows:

TABLE 2
Designation of (POB-6)/(ECP) Ratio {or Each Rate

jth Rate For Which Wy is Computed
fan's Rate | cpo PO1 P02 P03 STKR

il ACECH BTV ST

U wij8 Wij? Wij9

FO3 W18 | W17 %149

olRH Wijll Wi 410
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The significance of Table 2 may not be clear at this
point, but it will be useful for reference during che dis-
cussion involving weighting factors for these variables.

Now that the variables have all been defined, it can
be shown how these variables can be used to determine the
utility of assignment of the 1%h pan to the jth ship.

In AUTAM, this utility is

11
= + W, .
uij ao Eéi ak ijk (1)

where a is an arbitrary intercept point (10 in this

model) and a, is the welght assigned to each variable,
wijk. The assumption of linearity was assumed in equation

(1) for ease of computation. It was also considered that

first order approximations were sufficlently accurate for 31
this model. v {

The determination of the weight (a)) of each variable ’f’
is, obviously, a crucial part of the model. The concept of ’
an effective assignment model is based on the assumption ‘”é

that proper weights can be found such that the generated

utility of assignment, U449 reflects accurately the assign-

ment policy desired. Since the assignment policy is based

on the judgment of personnel administrators, the assign-
mert welghts must likewlise be generated through repeated

subjective judgments which are consistent with the policy

L 5~ -

set forth. As an illustration, it will now be shown how

the weights used in this paper were determined.

20




0f all the variables considered in this model, the
(POB-6)/(EDP) ratio is the most important. Therefore, it
was used as the reference variable for determining the first
rough weights. The reader is rcferred to Table 2 to see
how the (POB-6)/(EDP) ratio for each rate is designated in
the model. From this it can be seen that a good starting
point might be the ag and ag coefficients. These coeffi-
cients represent, respectively, the weight assigned to the
(P0O3-6)/(LDP) ratio for a Chief Petty Officer and the weight
assigned to a Chief Petty Officer who might be utilized in
a First Class Petty Officer's billet. This assumes that,
other things being equal, a CPO has a greater utility on a
ship which is shor* of POl's than a ship which is over-
filled with POl's. This assumption was taken into account
in the derivation of the wijk vectors for the pay grade
above and the pay grade below. The mathematical rormu-
lation of these vectors was shown earlier.,

First, ag was arbitrarily set equal to -5. (The
negative sign is necessary to counterbalance the fact that
an increase in numerical value of wijs causes a decrease
in uij') Then it was assumed that there were two ships,

1 and 2, to which the i®" man could be assigned. By use
of an indifference comparison, similar to that used in the
economlc study of consumer choice,[}]values were found for
wijS and wijé which caused the authors to be indifferent
between assignment to either Ship 1 or Ship 2. The follow-

ing 1s an example of this procedure:

21




TABLE 3

Iilustrative Indifference Comiparison

Preferred

Trial Ship (j) Wy g5 Wy 56 | Assignment
1 o7 7

1 Ship 1
2 9 <9
1 .7 .7

2 Ship 1
‘ 2 09 05
1 .7 .7

3 Indifferent

2 9 3

On the fivrst trial in Table 3, the wijk values were
picked arbitrarily. Since Ship 1 has a lower (POB-6)/(LDP)
ratio for both CPO and POl, it has a higher utility of
assignment ana is preferred for assignment of a CPU. In
the second tricl, the wij6 value for Ship 2 was reduced to
+5+ Ilowever, the authors felt that Ship 1 still had prefer-
ence for assignment of CPO. In the third trial, the greatly
reduced ratio for POl's on Ship 2 caused the authors to
become indecisive as to which ship should be assigned an
additional Chief Petty Officer. Therefore, this was the
indifference point for thece two variables, wijs and wijé.
It should be noted that this 1s not a unique set of values.

Using the volues from the third trial and ag = -9, the
u' 11ity of Ship 1 was set equa’ to the utility of Ship 2

ard solved for a.:
9]

¥
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Ui T Yy

BgWyyg * aglyg = aghyog *+ agh; o0

e (W7) + 36(07) = ‘5(-9) + 86(03)

aé = "'2.5

With wij5 as reference and a,. still equal to -5, the

5

values of 8,y a5 2 and al+ were determined by the sane

3
method. The results were: a; = 0.5, a, = -1, ay = 1,

a, = 0.5. ©Since any ag, and a_ apply only to rated Petty

9
Officers (POl, PO2, and PO3) ard 19 and a1 apply only to
Strikers, they were determined separately.l In this case
ap was set equal to -5 and ag and ag were found to be =5

and -3.5 respectively. Similarly ajg was set equal to -5

and a;, was fourd to be ~3.5. Thus far, the values obtained
were:

a, = 10 ay, = 0.5 ag = =5

al = 0.5 ag = -5 ag = -3¢5

a, = -1 ag = =2.5 814 = -5

ay =1 a, = -5 8y, = =35

for the purpcse of allowing the utilities between
different pay grades to be easily compared, the ay (k = 5,
eee 11) were rescaled such that

6 % . 11
= W = i
k§ 5akwijk Kt ok ik kZ_;Z loak“'ijk

Lme reader is referred to Table 2 to verify
this statenent.

23




This was done by first assuming a utility range,
0« uiJSIO. Since oswijksz for all conceivable cases,
a, was scaled such that

k—loK

o 5ak f? a. = =5

On this basis the following revised values were

obtained:
= =3, = = =], = =2,
85 = =33 % =-19 a9 = =249
86 = "1.7 8.8 = -109 al-L = '201
a_ = =1,
9 3
Recalling that a5 = -5 was used as a reference to

deternine a (k = 1,2,3,4), it became necessary to rescale
these four coefficients in order to maintain their same

relationship with as. Doing this: a. = .3, a; = -.7,

1
ay = o7y 8, = o3

The procedure discussed above could be used to
deteriiine the first approximate weights for any number
of variables. Ilowever, these are cnly approximations and
must be checked by using them in the model and analyzing
the results to see 1f the desired policy guldelines are
being followed.

In this paper the initial weights were refined as
follows: Using the a, values determined above, assignment

of 40 men to 16 ships was accomplished utilizing the program

shown in Appendix D. This gave a sample of 640 assignments.,

SRR R, - 7 7 s
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Sample Data for Comparlson of Assignments

TABLE 4

§§ wijk,k=:

113 lal2l3{u]lsi6e | ™8 9 [L0[11 | u
110 |o|l1]1{ojojo |.05|.09 |1.48]| 0| O] 8.86
2 113320 f1/0 (0|0 |LO5[L.00 | .52| 0fO 8.83
34%{13 {1|o|1]1}o|o |.26 L.00 | .30| O| O|BsZ
22111 fof1]1lo]o|o |.05] .52 |1.00| O] O Be¥7"
2 |16 |ol1}1|olojo |.05p.00 | .09] O] O] 8.39
36|16 [2|o}1]o oo |.51] .51 |r.00| O] O] 8.31
1 % {o]jol1]o]o|o |.05Rh.00 | .52| O| O| B2y
21| 2 to]1f1]o|o]o |.05].52 |[1.49] 0| O|B«0T
3| 8 |1|o]1lofojo |.63].80 | .50 0f 0] 7.65
35111 jo{of1fojo]o |.50].83 | .54] 0| 0| 7.57
33113 (1| o|1|1]o]o |.51f1.20 | Ju4]| O O| 256

8.59

8.6

8.15

8.2

76
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Since those assignments with extremely high or low
utility values contribute little to the refinement process,

they were eliminated from the sample. Also those assignments

having duplicate W vectors were eliminated. This reduced
the original sample of 640 assignments to a subsample of
85 assignments. The assignment program of Appendix D was
modified to give an output (on standard pw.ched cards) of
the assignment identification (number of the man and ship),
the W vector describing this assignment, and the computed
utility of this assignment. These pun. =2d cards were then
arranged in order of descending utility v.1lne, sorted by
rate group, and printed as shown in Table 4. The assign-
ments were then compared, two at a time, to see if the
assignment with the higher computed utility va.ue was in
fact preferred to the assignment with the lower utility
value. Where this was not the case, the utility values
vere changed to reflect the disagreement with the computed
utility ranking. For example, in Yaole 4, it was decided
assignment (22,11) should have a higher utility value than
assignment (3%,13) because ohip 11 was lower in the rate
(w22,11,7), and rate above (w22,ll,8) comparisons. This
outwelghed the fact that for assignment (34%,13), the man

would be picked up before deployment (W ), would

34,13,1
receive his second choice homeport (w3h,l3,H)’ and would
alleviate a shortage in the rate below (w3u,l3’9). When
all assignments had been compared, the corrected utility

values and the original values of the wijk variable were

26
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by indifference comparisons,

Compute assignment utilities,
(Program AUTAM)
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Are computed utility values
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then used as data input to a multiple linear regression
computer program,lzlgenerating new weights, 8y 9 as the
regression cocfficients of the linear regression. This
process was repeated until the weights obtained resulted
in satisfactory assignments. For this paper, the weights
were considered satisfactory when the number of utility
values changed were less than 5% of the total number in
the representative sample. The evolution of the weights
which satisfactorily represented the “~ssignment policy"
of the authors is shown in Table 5. Seven iterations were
required. Note that 37 of 85 utility values were changed
in the first iterationj none were changea in the final run.

The evolution as described, may be thought of as a
"feedback" process represented as a flow diagram in Fig. 1.
It is evident that much of this process depends on the
judgment of the authors. However, it cannot be too strongly
enphasized that the same process can be carried out by any
assigner, or group of assigners, using policy guidelines
determined by proper authority.llﬂ

After the weights of all the variables have been

determined, the utility of assignment of the ith

man to

the jth ship can be found by using equation (1). All the
utility values can then be arrsnged in an (n x m) array for
the assignment of n men to m ships. Having set up the array
as in Table ©, the objective is to assign the men such that
the sum of the utilities is maximized. It is obvious that

assignments must be made sequentially because the uij values

29




must be recomputed after each assignment to reflect cor-
rected POB~6 figures; i.e., the assignment of a Bll to a
ship lowers the utility of assignment of any remaiﬁing
BMl, EMC, or dM2 to be conslidered for that same ship.

TABLE 6
Utility Matrix for Assignment

MAN _Tﬁ%m_%ﬁ&_r
MUNYON A BM1 8.6 6.8 9.0 10.0
MULTUNAS BM2 7.3 5.4 8.3 9.4
STEVENSON B2 7.0 5.4 8.1 10.2
WHITTLET BM2 7.3 St 8.3 9.k
WENGER R BM2 7¢3 5.9 9.3 9.k
ANDERSON BM3 6.5 3.1 8.6 59
BRAINARD BM3 6.5 3.6 8.8 6.6
SANNICOL BM3 6.5 2.6 8.6 99
TRUJILLO BM3 6.5 3.6 8.6 6.4
COLLINS BM3 7.0 2.6 9.6 549
GARRIDO QM1 6.7 2.8 7.3 8.7

After the utility array has been determined, the
method of assignment from this array will affect whether
or not maximum utility is achieved. The classic linear
programning simplex solution to the personnel assignment
problem was not used because: (1) the ships have no

explicit "quotas" which must be filled or cannot be
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exceeded, and (2) the men do not have constant utility
values for all ships.

Several otlier standard methods exist for obtaining
exact solutions to the classical assignment problem.
fowever, the problem treated in this paper does not readily
lend itself to these methods. Therefore, the authors con-
sidered methods of assignment which would:

(1) at least approximate a maximum solution.

(2) minimize computer run time.

On this basis, the following five alternative methods
of assignment were investigated.

(1) Row Maximum

This was the simplest method investigated and was
chosen because it was believed to most nearly simulate the
manual assignment method. The 10 pan is assigned to the
jth ship where i, ] are determined by

m?x uij’ 1 =1, 2y 3y esey No

This method looks at the first man and assigns him to
the ship with the highest utility. This man is deleted from

the array, the remaining affected u,,'s are recomputed, and

i
the next man 1s assigned in the samejmanner. This process
1s continued until all men are assigned. Using this method
in the array of Table 6, ilUNYON would be assigned to Ship
4, the uy), for the remaining Bl's recomputed, then NULTUNAS
would be assigned to the ship with the highest utility

value.
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Appendix D shows the bacic assignment program used

&
¥

for all five methods considered in this paper. The appli-
cation of a separate subroutine for each method allows Llke
different methods to be accomplished by the computer, 1In
this case (Row Maximum), the subroutine in Part 1 of
Appendix E is used.

(2) Array Maximum

This method is one step of complexity above the Row

Maximum method. Instead of looking at only one row of the

array and picking the maximum, this method makes the assign-~

ment of the pth man to the qth ship such that

Upg = m?x m?x Uy .

This method makes the assignment having the highest
utility in the array. The assigned man is deleted from o

the array, all the affected u,,('s are recomputed, and the b

1]
procedure 1s repeated until all men are assignea. In the
array in Table 6, STEVLNSON BM2 would be the first man ;

assigned, and would be assigned to Ship 4.

Appendix E is used for this method.

(3) Row-Column Maximum

For computer purposes, the subroutine in Part 2 of !
3
|

This method was investigated because of the possible
savings in computer time. Rather than recompute the
affected Uy 5 after each assignment, this method assigns
up to m men before recomputing the affected u, ;. The pth

1)
man is assigned to the qth ship if
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U.pq = mix Iliq = m?x Upj

In this method, the first colummn (first ship) is
looked at to see if the maximum in that column is also
the maximum utility in it's row. If it is, that assign-
ment is maas and thce second column is checked. If there
1s no row and column maximum, no assignment is made and
the program goes to the next colum. After all columns
(ships) are checked, and the resulting assignments are
made, the utilities are recomputed, and the process is
reiterated until all men are assigned. In/the array of
Table 6, columns 1 and 2 have no row-column maximum.
However, columns 3 and 4 do, and COLLINS would be assigned
to Ship 3 and STEVENSON to Ship 4. Then the utilities
would be recomputed before starting over.

The subroutine in Part 3 of Appendix E 1s used to
perform this operation on the computer.

(4) 1lodified VAM

Vogel's Approximation Method (VAM) is a natural choice
as a possible solution to this type of assignment model
because it assigns sequentially and provides a solution
that 1s usually quite close to optimum.[:Ln It is also a
convenlent method to use because it presents little program-
ming difficulty, requires few iterative operations, and
utilizes minimum-time arithmetic operations.

The logic supporting this method is that a near maximum
solution should be obtained if, at each step, the man is
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assigned whe will incur the greatest loss of utility 1f he
i1s assigned to the ship having the second highest utility
for him.

The VAM method, as modified for this paper, computes
in each row cof the utility array the difference between the
maximum utility and the next highest utility. After this
has been determined for all rows, assignment is made to the
maximum utility in the row with the maximum difference.

The affected utilities of the remalning men are reconputed
and the above process 1s repeated until all men are assigned.
As an example, applying this method to the utility array in
Table 6, COLLINS would be assigned to Ship 3.

Appendix D contains the subroutine which pertains to
this nethod of assignument.
(5) Decision Index

This method of assigning per.:onnel has been proposed
for use by the Air Force and is included for comparison.lla
It is based on the assumption that only one man will be
assigned to any one job (ship). Ward has shown *hat the
expected value of the sum of all remaining assignuents 1s
maxinized by making the assignment (p, q) where DI__ 1is the

Pq
maximur value of the Decislon Index array. ﬁ.ﬂ

n n
DIpq = mupq -5 upj —}:_uiq (2)
J=1 i=1
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where m = number of ships
n = nunmber of men to be assigned
upq = utility of assignment of pth

man to qth ship
The Decision Index array is computed by use of
equation (2). The assignment is made to the maximum DI,
the utility array is recomputed, DI array is recomputed,
and the procedure 1is repeated until all assignments are
made. As an example of this process, the first row of
the Decision Index array would be computed from Table 6

as follows:

DI,; = 4(8.6) = 34k = 77.2 = =77.2
DIy, = 4(6.8) = 3.l = 47,2 = =5k
DI13 = 4(9.0) - 344 - 94,5 = -92,9
DI,), = %(10.0) ~ 34k - 87.8 = -82.2

The entire array must be compnted, in the manner il-
lustrated, berore any assignments can be made. If D112 is
the maximum of the array, then the first man would be as-
signed to Ship 2.

This assignment method 1s accomplished by use of the
subroutine in Part 4 of Appendix E.

In order to obtaln data for the analysis of the five
methods of assignment, each method was applied to the model,
utilizing the weighting factors found earlier in the paper.

First, each method was used to assign the same sample

of 50 men to 16 ships. This sample, designated Group I,

was conposed of 50 boatswain's liates of all pay grades,.
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Then each method was used to assign another sample of 50
men to 16 ships. This sample, designated Group II, was
composed of Boatswain's Mates, Quartermasters, and Signal-
men of all pay grades. Group II was further subdivided
into smaller sets to investigate the effect of sample size
on each method c¢f assignment. Uslng these subdivisions,
each method was used to assign the 50 men of Group II to
the 16 shipsj; but all the men in one subgroup were assigned
before proceeding to the next subgroup. The size, number,
and the results of these subdivisions are shown in Table 7.
The assignments produced by each method of assignment for
each sample of men were compared on the basis of average
marginal utility of assignment as shown in Table 7.

The assignment utility used in ti.e five »rocesses cf
assignment is dependent on the preceding assignments; i.e ,
given a set of 50 assignments to make, the utility of the
16th assignment depends on the preceding 15 assignments.
However, the marginal utility of any assignuent (as defined
in this paper) depends on all 49 other assignments. This
m-rginal utility can be computed by considering each man
individually after all assignmenis have been made. The
procedure would be to take the first assignment and subtract
the wan from the assigned ship's POB-6 figure. Then recon-
pute the affected wijk variables and use these new values
to determine the utility of that assignuent by the procedure
described earlier in the paper. Before going on to the next

assignment, the POB-C is restored to its initial value.
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It is obvious that a comparison based on marginal
utility of assignment 1s preferred because it eliminates
the effects of the order in which the assignments are made.
As an example, assume that three Boatswain's lates are
assigned to the same ship by different methods of assign-
ment and that they are assigned in different order. This
means that the utiliiy of assignment of each man is dif-
ferent for each method. However, the marginal utility of
each man, as defined above, will be identical for each of

the methods. Therefore, this gives an equal basis on which

to compare the five different methods of assignment.

Since Group I was composed of only one rating, a more
compiete set of data was obtalned and is presented in
Tables 8 and 9. Table 8 allows a comparison, by pay-
grade, of the distribution of assignment of HU Boatswain's
Mates to 16 ships. Table 9 can be used for analysis of the
same set of assignments.

Analysls of the information presented in Tables 7, 8,
and 9 leads to several conclusions about the different
methods of assignment. Referring to Table 7, it can be
noted that the VAl method made assignments which gave the
maximum average margina’ utility in 10 of the 12 sets of
assignments which were made. Thls obviously accounts for
the fact that the VAM method also had the highest over-all
average marginal utility in both subgroups.

It can also be seen in Table 7 that the Decision Index

niethod had the lowest average marginal utility in every casc.,
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TABLE 8

Distribution Comparison of Five Methods of Assignment of 50 BM's
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The utility HI *he i1er .in:ing wuiee methods varied with the
size of the sample to he = sirued: Unfortunately, the
varianrce was 1ot cc .ziste .o wi. «onld not be defined by
any of the usual s .::mavical techniques. Therefore, based
on the data in Table 7, the lLighest average marginal utility
was obtained when usii; tue VAM method and the lowest when
using the Decision Inuex method, regardless of the size of
the sample. Althou;h not presented in this paper, the
authors investigated several other sample assignments.
The results of this work tended to substantiate this
relationship between the VAM and Decision Index methods.
Table 8 represents a detailed break-down of the assign-
ment of Group I by each method. It can be seen that the
Row, Array, Row-Column, and VAl methods effected a similar
pattern of assignment distribution. For seven of the 16
ships the assignments were identical and for six other
ships these four methods disagreed by only one assignment
on each ship. Clearly, on the basis of this data, it is
impossible to choose any one method as better than the
other three. On the other hand, the pattern of di tiibution
produced by the Declsion Index method was definitely in-
ferior to the other four methods. Somc specific evidence
of this poor distribution can be seen by iaspection of the
assignments made to Ships 4, 8, and 12. The Decision Index
method did not assign nearly enough men to Ship 4 while it
overfilled Ships 8 and 12. Of particular note, Ship 8 was
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TABLE 9

Qualitative Parameters for Comparison of
Five Methods of Assignment of 50 BM's

Quality Parameters
of

Method

Assignment Methods

Row Array R-C VAM D.L

(1)
(2)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

Total No. Men Assigned

No. Men With Take-Up>
3 Mos. Before Deploy-
ment

No. Men With Take-Upg
3 Mos. Before Deploy-
ment

No. Men With Take-Up
During Deployment

No. Men With EAOS After
Deployment Return

No. Men Receiving lst
HP Choice

No. Men Receiving 2nd
HP Choice

No. Men Who Could Be
Assigned to HP Pref-
erence

Marginal Assignment
Utility (Average)

Assignment Utility
(Average)

Computer Run Time
{Seconds)

50 50 50 50
12 13 12 18
9 10 9 7
12 11 11 9
50 50 46 50
6 7 5 7
4 2 1 2
1 11 11 11

7.602 7.608 7.465 7.727

7.938 7.973 7.763 7.978

135 135 158 132

50

11

19

12

49

11

7.103

7. 485

143
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overmanned by four Bli2's and the Decision Index method
assigned four more of that same pay grade. Obviously,
this is an undesirable assignment pattern.

The assignment methods described in this paper each
use a different procedure to assign any given group of men.
Because of this fact, it 1s reasonable to expect that the
order in which these men are assigned will differ with
each assignment method. In order to investigate the effects
of this ordering, Group I was assigned by each methed. The
results of these assignments as pertains to specific param-
eters 1s presented in Table 9.

Looking at rows (2) and (3) in Table 9, it can be seen
that the Decision Index method assigned the men in such a
manner that 30 of the 50 men were sent to ships preparing
to deploy. Of these 30 men, 19 were sent to ships three
months or less before deployment. Recalling that the
authors' policy was to fill all ships preparing to deploy,
the Declision Index method was the most desirable in this
instance. However, looking down the list to row (4), the
VAM nethod is favored over the other four methods in the
fact that it assigned the least number of men (9) to ships
which were already on deployment. Agaln, this 1s a desirable
feature according to the authors' policy. At this point it
might be noted that rows (2), (3), and (4) under each method
do not sum to the total nuaber of nen assigned. This 1s due
to the fact that ships which have just returned from a de-

ploynent do not have a [irn date for thelr next deployuent,
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Until this date is known and can be entered into the program,
men assigned to this ship do not it into any of the cate-
gories of rows (2), (3), and (4).

The results in row (5) indicate that the Row-Column
method assigned the men such that four of them were as-
signed tc ships on which they could not complete the deploy-
ment. Clearly, this is an undesirable feature. Rows (6)
cnd (7, show the number of men who received either their
fi--t or second homeport preferences for the ships which
were considered. Based on homeport preferences, the
Dec*<lion Index method is favored because it assigned all
11 ==z to a homeport of their choice.

Szsed strictly on the assignment parameters of rows
) tirzvgh (7), the Decision Index method would probably

: moct .. vored. However, when taking incto account the
waisnting Jactors and the distributioq of assignment
men ione. carlier, row (9) shows the Decis'on Index method
e sive she Jowest average marginal utility of assignment.
The averzge a:signment utility was included for the purposes
0. ¢om i sen {row (10)] and a.so shows the Decision Index
methcd tc have the lowest utility. Both rows (9) and (10)
indizze: tinat the VAN method is preferred on the basis of
highest utlilit-.

Aothc . important consideration in comparing these five
methods is the ~omputer run time. It can be shown that the
number of compuier operations required in AUTAM is not a

linear function of the number of ships and men, but rather
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a polynomicl involving multiplicative terms of higher order,
Therefore, although a difference in run time of five seconds
may be trivial for the assignment of 50 men to 1% ships, a
very significant difference in run time could result when
the number of ships and men is increased for application

in the fleet. In row (11) of Table 9, the VAM method is
shown to have the shortest computer run time. Computer

run times shown in Table 9 include program compiling time,
program listing, and computation of marginal vwtility. By
eliminating the last two items and using a binary program
deck, run time for VAM was reduced to 69 seconds.

All five assignment methods were capable of performing
the assignment process. However, the Decision Index method
was discounted as a useful procedure because of its poer
assignment distribution. Iach of the other four methods was
considered more effective than the manual process of assign-
ment. Since the VANl method achieved the maximum utiiity and
required the minimum computer run time, it was chosen for
implementation into the AUTAIl model as shown in Appendix D.
A sample printout of AUTAM, showing only those items useful
to 21 assigner, 1s shown in Appendix F. For this printout

a sample of ten ships and 30 men was used.
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3. Summary and Conclusions.

Briefly, the development of AUTAIN was as follows:

(1) Selected man-related and ship-related parameters were
compared in order to derive a set of assignment variables.
These variables were used to describe the assignment
function.

(2) Weights were determined for these variables in accord-
ance with a prescribed assignment "policy."

(3) The weights and variables were incorporated into a
conputer program to compute the relative utility of each
assignment of a given set of assignments.

(4) Heinods of assignment were investigated to determine
a method which would make optimal assignments and require
a nminimum of computer run time.

AUTAl was then derived fi.m the computer program of
step (3) combined with a modified version of the Vogel
Approximation lMethod as applied in step (4).

AUTAll demonstrates the feasibility of computerized
personnel assignment. The authors do not claim that AUTAM
1s the only or best method of assignment, or that the
techniques employed are unique. Ilowever, it is asserted
that this progran 1s capable of duplicating any "assignment
policy" formuiated by aulhoritative sources. In comparison
with the present manual methods of assignment, AUTAN, or a
program similar to it, has several major advantages:

(1) Rapld. The nmost obvious advantage of a computerized

systen is that it 1s capablce of assigning a given set of
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men in oniy a fraction of the time required by manual
methods. In addition, it could eliminate time-conswning
accounting and order-writing procedures by proper inte- Co
gration into a centralized pcrconnel accounting, distri- H
bution, and assignment systemn. |
(2) Objective. A properly programmed computerized
assignment process is much more objective than a qualified
assigner because the computer is not subject to outside
infiuences and personal feelings. Although it's listed

here as an advantage, this cold objectivity of computerized

L A e et R NN I L e et L

assignment is attacked by many pec le on the grounds that
the btenefits of the "human touch" are being denied in the
assignment process. In reality, all the deslrable aspects
of the Yhuman touch" are included in a good assignment
model. It 1s only the undesirable features, such as human
boredom and fatigue, which are eliminated in computerized
assignment., This elimination of undesirable human factors
leads to the next advantage.

(3) Consistent. After determining the variables and cor-
responding weights which effectively describe the assign-
rent policy, all assignments made by the computer would be
in strict accordance with that policy. This process requires
that the same qualitative factors be considercd for cuch
man for all possible assignments. In addition, after a
specilic veight has been detormined for each factor, this

welght must be maintained constant for all possible assign-

rients, Certalnly this is a consistency which is almost
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impossible for a man to accomplish. A man can only attempt
to perform the assignmert task through the tedious process

of repetitive subjective judgments. This very often leads

to gross misuse of available manpower.

The above arguments in favor of computerized assign-
ment are not meant to infer that skilled personrel as-
signers would no longer be needed. Although the number
of assigners could be reduced, there would still be a
requirenent for handling special assignment problems.

Tor example, it must be recognized that computers are not
infallible. Therefore, each assignment should be checked
by an experienced assigner. This would be a rapid spot-
check for any glaring errors that would give evidence of
computer malfunction. Also, thc "additional intormation"
contained on card(s) 5A of the assignment deck cannot
easily be processed by the computer and may contain infor-
mation which would affect the suitability of a given assign-
ment., To more easily examine this information, it could be
printed out with the computed assignment for further con-
sideration by the assigner.

It is obvious that any assignment policy will change
over a period of time. linor changes could be reflected
by an adjustrment of the welght for the aflected variable.
However, major changes of assigament policy (usually a
result of foreign conflict or other emergency) require a

completely revised set of weights. In this case the entire
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process of the determination of welghts would have to be
repeated. Hopefully, this situation will not occur often.
This thesls has attempted to show that computerized
personnel assignment is both a feasible and a highly
desirable process. On the basis of the results obtained
in the use of AUTAM, it is highly recommended that the
Na7y consider implement.tion of a program of this sort.
Froper applicatior of this progran will permit full
consideration of the¢ preferences of each man tb be as--
signed. Simultaaeously, the "needs of the Service' would
be considered and assignments could then be made so that
the utilization of manpower would be greatly increacsed
while taking into account the preferences of the .adi-

vidual.
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Primt positions 1 thru 7, Refer Chapter 24 for TC authority
codes,
Sex, ‘W'for Waves leave Print positions 62 thru é4.
blank for male, : )
Print position 8. . " (10) Tales up month and year. Fatimate
\ of month and year the individual
Surmame, first nuee, aiddle . is expacted-to report to new command.
initial. Refer Chapter 24 for codes.
Print positions 9 thru 2. " Print position 57_thpy 68
Jtandard date Abbreviation. (11) Distributor to which an individual
Print positions 25 thru 29. has besn made availadle, Refer to
Chapter 24 for distributional codes.
Kame of activity whers the . Print positions 69 thru 71.
individual is stationed, _ .
Print positions 30 thru 50. - (12) Special Category Code. Refer to
Chapter 24 for Codes.
Travel Clase.fication Code, i Print position 72.
Print positions $1 thru 57. .
{13) Rate Code. Por use by PAMI and other
Distributor received irom. machine {nstallations,
dafer Chapter 24 for codes. Print positions 73 thru 77,
Print positions 58 thru 60
(18) Mumber of days delay in reporting to
Moath in which tue trensfer is sount av leave,
to be exscuted. Sor Chapter Primt positions 78 thru 79,
2h for aumeric valus of month. .
Print positioa 61. (13) Card mmder 1, .
Priad pocition 00,
Caxd 14
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Sarvice Number.
Print poeiticas 1 thre 7.

Sex. ‘v'for vaves, Vieak for
aale.
Prist positioa 8.

Bulisted desigoator sumeric code.
Rafer to KIS (RAVPERS 15,642, Pert
I (ACTIVE)) for Code.

Priat position 9.

Limitad duty clussificetion code. .
Blank 1f i. sll respects qualified te

parfors unlimited duty. Mfer to

WIS (RAVPERS 15,642, Part I (ACTIVE))
Sme Coda.

Print positios 10.

Branch snd class of sevvice code.
Nafer to WMIS (NAVPERS 15,02, Pard
I (ACTIVE)) for Code.

Prist positiom 11.

Primary Dependence status oode.
Mefer to MNIS (NAVFERS 19,642, Part
T (ACTIVE)) for Code.

Prist position i2.

Pressat Citlseashiy status.

Aefer to WAS (NAVPERS 13,6A2, Part
I (ACYIVE)) for Coda.

Priat positiom 13.

ype of Secwrtty Clearsace w'd.
Safer to NS (BAYPERS 15,608, Pare
I (ACYIVE)) for Cods.

_Prias pesitios 14,

Toar of birth.
Prist positicas 13 thru 16.

Bvaluation of the iadividual ss Setervined
¥y the caamanling ¢ Ticer and cotered oo 8
five 4digit code 4s outlinmed 1a Chapler 20,
Prizt peeitioas 17 thrw ).

Bducatiomal achiavemeat. .
Rafer % Qhaptar 24 for cods.
Priat poattices 22 thry 23.

Active Guty ehligstion. Imcludes
resn)isthsst and all exteasiens.
Prias peaitiens 3 tuv 9.

Agtive duty base date (year).
Prist pesitiens 36 trw 27,

Privary Bavy Ialisted Closeifientice,
vhen spplicadle. Refer % ERC Masusl
(BAVPERS 13103) (sartes).

Prias pesitnse 88 thrw J.
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(13) Secondary Wevy Enlteted Clsssi-
ficetion, vhea applicable.
Mafer to KEC Waausi (NAVPERS 135,108)
(earies).
Prist positioss 32 thrw 35.

{14} Mecamended Navy Enlisted Classi~
fication, vhen applicabls. Mefer
to WEC Maaual (RAVPERS 14,10%)
{earies).
Prist positions 3 thru 9.

(17) Mrosd auiy preferences for -
personne) votetiag from shore te
sea duty.

Mefer to Chsptar 23 for broed
. duty preference.
Priat positions &0 thru M1,

{18) Tour duty choices and school Lf
dasired. Pefer to Chapter 35
for Codes.

Priat posittons 82 theu 37,

(19) “X” punch {f DUINS, otherviee lesve
wlank. .
Prist position 8.

(30) Purpose Identificetios Code.
Rafer to BUPERSINST T312.5(eeries).
N Priat positicas 39 thru 61.

(1) Mootk sad year of detschmeat from

24 for codss.
Prist peattions 62 thyw §3.

(BR) Activity processiag code emtered
asd weed oaly by PAE and ether
wachine lastallations.

Print positions 64 thre 68,

{2)) Distridvior that sam 18 belng
wsde avalladle. Mefer %o Chaptar
3% foc colen.
Priss positione 69 Ware M.

(80) fSpecial Catagory Coda. Pafer ¢
Chapter 26 for eodes.
Prias pesittene TR

(83) Wate Code. For wie My PANI asd
oer sachise installations.
Prist positiens 7) Ve 17,

(88) Dawe card origisally svbmitwed
% RFIRS. feler tv Cupher 24
far Code.

Prist pesitions T Warn 79,

{(€7) Curd mier 8.
Print pesition 80,
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3ervice number, v (5) Special Category Code.
Print positions 1 thru 7. ’ . Refar Chapter 24 for

: . special codes,
Sex, "«" for uuves, leave : Print position 72,
blank for male.
Frimt position 8. .- {6) Rate Cods. Por use by PAMI

. . and othsr machine installations.

The past ten ysars of duty : ‘ Print positions 73 thry 77,
station history us transcribed )
Srom individual's service . . (1) Leave blank,
Jucket, Coded in accorndance | Print positions 78 thru 79.
with instructions contained in o :
Chapter 2. | ~ (8) Card mmber 3.
Print positions 9 thru é8. : Print position 80.
Distridbutor to which individuals . R .
his been made ivailible. Nefer : A S

to Chapter 24 for Codes,
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Service number.
Print positions 1 thru 7.

Sex. "a¥ for savas, leave
blank for male.
Print position 8.

Schools attended. List in
inverse order of attendancs.
Hefer to Chapter 25 for Codes.
Print position 9 thru 68,

Distributor to which an individual
bas been made availadle, defer to
Chapter 24 for Codes,

Print positions 69 thru 71,
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.- (5) Special Category Code,

if applicable, Hefer to
Chapter 24 for special
category codes,

Print position 72,

- {6) Rate Code, For use by PAMI and
' other rachine ihstallations.
Print position 73 thru 77.

(7) leave blank.
Print position 78 thru 79,

" (8) Card mumber "4".
Prant position 80,

P




G

Q)

(2)

0)

(&)

310084 C O REG SEA OSSER STAFF

l{ wice
Laca LI

000000000 0008, 000,

BAVPERS 4047 (2-44)

|
999999999399] 3999
LTI eI P NNRENSNE

Service nunmber,
Print poaitionl thru 7.

Sax, "“W* for Waves, lsave.
blank for males.
Print position 8.

Additional information
Additional commsnts.
Priat positions 9 thru 60.

Distributor to whi. - an individual
bas been made availaule. (Refer . |
to Qupter 24 for distribuciom]

Codes)
Print poaitions 69 thru 7).
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(S) Special Category Code. (Refer
to Chapter 2k for Codss),
Print Poeition 72,

{6) Rate Code. For use by PAMI and
other machine instullations,
Prirk position 73 thm 77.

(7)- Consecutive card nusber.
Print positions 78 thru 2

(8) Card pumber "5* .
© Print position 80,
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APPLENDIX B

CODES USED IN ASSIGNMENT DLECK

Month Codes

lonth Code
Jauuary 1
February 2
March 3
April L
lay 5
June 6
July 7
August 8
September 9
October 0 (zero)
November J
December B

date Codes
Rate Code
BM 01001
B8H1 01002
B2 01003
B3 0100%
Blisk 01005

56




APPLIDIX B

Rate Codes

Rate Code

QMC 02001
Q1 02002
Q2 02003
QM3 02004
QSN 02005
SHC 02501
SM1 02502
SM2 02503
SM3 02504
SHsN 02505
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APPENDIX B

Home Port Codes

"..l‘.l......... m PORT' mmm mr.

Bueseosssnsensess NEW CONSTRUCTION, ATLANTIC FLEET.

Coseeeserserneses BOSTON, MASS, INCLULES PORTSMOUT, N, H.

D..Q.......l‘.'.. m m. c“mo

Bevoeessonesnsens NEWPORT, R, I., INCLUDES QUONSET POINT, R. I., DAVISVILIE, B, L.,
PROVIDENCE, R. I., FALL RIVER, MASS,

Peereeeesseenosse NO¥ YORK, N, Y., DCLUDES JAMAICA, N. Y., PORFSCHUYLER, X. Y.,
PERTH AMBOY, N, J. PORT NEWARK, N, J.

Geevecnnonsossses PHILADELPHIA, PA., INCLUDES ATLANTIC CITY, M, J., TRENTION, N. J.,
LAKEHURST, N. J.

Heesvorssososasess WASHINGTON, D, C., INCLUDES PATULENT RIVER, WD., BALTIMORE, MD.,

I.cnnoo-nooo-oooc mu, v‘o, MLlDES NEWPQRT m, VA.. DAM m‘; VA., mm
. CREEX, VA., OCEANA, VA,, FORT STORKY, VA.
J..uooccololon.o. YOR.KN'N, VA.. Imms CHIWOTEAGUE, VA. .
Keessossusesasroe CHARLESTON, S. C, INCLUDES BEAUFORT, 3. C,, WILMINGTON, N. C.,
CHERRY POINT, N. C,
Leessoveosvaosses JACKSONVILIE, FLA., INCLUDES MAYPORT, FLA., COVE SPRINGS,
FLA., SANFORD, FLA,, GLYNCO, GA.
n"....l..tl..‘l' m‘ml‘, ﬂ., Imw mn‘m’ IE.
Keseosceoscveorss NEW OHLEANS, LA., INCLUDBS PENSACOLA, FLA., ST. PETERSBURG, FLA.
PANAUA CITY, FLA., MOBILE, ALA., HOUSTON, TEX., GALVESTON,
TEX., PASCAGOULA, MISS.
Peevesssssescoses MIAMI, FLA., INCLUDES PORT EVERGLADES, FLA., KEY WEST, m.
Qolqtlon!ooooo-oo m’lmm, ILL., INCL‘DES GBAT Lm' m.. mm’ 'mc’
SHEBOYGAN, WISC,, DETROIT, MICH,, EENTON HARBOR, MICH.,
TOLEDO, OHIO, CLEVELAND, OHIO, ROCHESTER, N. Y.
Recessessnsancess OVERSEAS ATLANTIC, INCLUDES ANY HOUEPORT OVERSEAS IN THE
ATLANTIC OCEAN OR MEDIYERRANEAN SEA,
000000.0000000000 NO Pﬂ!ms, BITHER m‘r, m mro
8eicesccnncaceses OVBRSEAS PACIFIC, INCLUDES ANY HOMEPORT OVERSEAS IN THE PIBIPIG
QCBAN OR I.NDIAN OCEAN.
Tcolou-....-oonuo ANY PORT, P“:nm MST.
u...--.'ooooclcou m COPBTRWTION, Pmnm mo
Teeorsssensscnces m, WBH., INCLUDES PUGBT NLND, KASH., m“. IASH.,
BREMERTON, WASH., WHIDBEY ISLAND, WASH., ASTORIA, ORE.,,
PORTLAXD, ORE., TONGUE POINT, ORE.
Weessssesaenenses SAN FRANCISCO, CALIF., INCLUDES MARE ISLAND, CALIF., VALIXJO,
CALIF., ALAMEDA, CALIF., CONCORD, CALIF., MOFFEIT FIELD,
CALIF., STOCKTON, CALIF.
 Teeeeressseeeeses LONG BEICH, CALIY., INCIUDES SAN PEDRO, CALIF., POINT WUGU,
CALIF., PORT HUKNEME, CALIF., LOS ALAMITOS, CALIF.
r000¢ln0'0t00000u am Dm‘ cwc' m m‘ m. cm.. m. cm..
KEAL FIRID, CALIF, BROWN PIKLD, CALIF, -
z.-...‘u-c-taicot m m. wm. mm m ’Om, mm.
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APPRNIDIX C

Degeription
Control Card

No. sets of data (NSLT)
No. of ships (ISHIP)
Ship Information (KS)
Hull no., name
Deploy month (code)
Deploy year "
Return month "
Return year "
Homeport "
Ship identity no.
(one card for each shilp)
EDP-POB Information
LDP- BLIC

BM1

Bl.2

B3

BMSHN

QlC

QM

DATA DECK ORDER AlD #ORMAT DLSCRIPTION

Column Ko.

gInclusive2

9,10
19,20

1-16
21

22

31

32
41
L5

1-k4
5-8
9-12
13-16
17-20
21-24
25-28

rield
Speci-

fication

110
I10

A8

A8

Il

I1

I2

.0

"




ADPPENDIX C p

Field 3
Column No. Speci-
Card No, Description (Inclusive) fication
3 EDP~ Q2 29-32 4,0
Q3 33-36 "
QliSH 37=40 "
Si.C 41 -l "
SH1 45-48 "
Ski2 49.52 "
513 53-56 " i
SHSH 5760 " k
Ship identity no. 69-76 A8 .
(one card for each ship) y
(b) POB - exactly same format as above 1
(one card for each ship) ‘ j‘
L Weights - a, 1-5 Fo.2 i
2y 6-10 "
an i1-15 "
a3 16-20 "
ay, 21-25 "
a5 26-30 " .
ag 31-35 " %
a, 36=40 " 1‘
ag 41-45 " i
3, L46=50 "
a1 51-55 "
a1y 56-60 "

60
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APPENDIX C

rield
Column No. Speci-

Card No. Description (Inclusive) filcation
5 Ho. of men in set 9,10 I10

6 Assignment cards 1A and 2A for
each man. Format in accordance
with Appendix A.

Repeat 5 and 6 for each set of men to

be assigned.
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APPINIDIX D

DESCRIPTION OF PROGRALN. AUTAN

AUTAM was written in FORTRAI'-63 for use on the CDC-160L4
computer at the Naval Postgraduate School, llonterey. AUTAM
consists of the main program, PROGRAN AUTAM; one function
subprogram, FUNCTION IDA; and two subroutine subprograms,
SUBROUTINE RATIO and SUBROUTINE ASSIGN., The interrelation
of the main program and the subprograms is shovn in the
plain-language generalized flow chart in Part 1 of this
appendix.

In Part 2 of this appendix, each part of the complete
program is described in more detail by:

(1) Table of Variables Used,

(2) Detailed Pla‘n-language Flow Chart,

(3) FORTRAN-63 Program Listing.
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APPENDIX D

AUTAM Z
BEGIN

Read program control parameters,
ship information, weights,.

!

Read ith man's assignment cards. —

'

Convert month-year cndes to
numerical value. {FUNCTION IDA)

l

[Compute time-dependent assignment
variables. (Wijk’ k=1,2,3)

|

Compute value for homeport pref-
)

erence variable. (Wi

-

iéet rate index for ith man's
rate code.

pan last man in set? ——fe .1

ph

J4

1s 1B
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APPEXDIX 2

Compute POB/EDP ratios for all
nen in set. (‘wijk' k S5-11.
SUBROUTINE RATIO)

1

'

Compute utility for &1l
possible assignments.

l

Make one assigument from
utility array. (SUBROUTINE

ASSIGN)

Are all men in sat assigned?

o
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1.

7.

8.

APPEIDIX D

TABLL OF VARIABLES AND CONSTANTS IN PROGRAM AUTAM

A(K) Weight vector for assignment variable.
(Constant)
GR(K) Dummy variable used in conjunction with

computation of marginal utility. Contains
sum of W(I,J,K) elements.

I Row subscript. Usually refers to Ith man.

IDA Function subprogram used to convert alpha-
numeric date code to number of months from
base date (January 65).

ID(J) Identifies t:z which ship the set of 15 LDP
values belong.

IK(U) The sequential order of assignments. (Used
in comparing assignment methods, in con-
Junction with marginal utility.

(1) The number of the ship to which the I'P man
was assigneds Zoro value indicates man has
not yet been assigned in assignment process.
Set to 99 if 1th jan has rate code error.

IP(J) Relates POB values to proper ship. (ID(J)
and IP(J) .sed to insure proper or ordering

of data deck.)
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9.

10.

11.

12,

13.

1k,

15,

16.

17.

18.

IR(I)

ITJN

I2

ISD

ISR

ITU

IXE

J4,JB

APPLNDIX D

A rate code index for I'® man. Relates his
rate code to proper column in (EDP)/(PCB)
arraye.

Iteration index for number of sets of men
to be assigned.

Iteration index for number of assignments
made.

Numerical conversion (by IDA) of ship's
deployment date code.

Numerical conversion (by IDA) of ship's
return from deployment date ccde.

Numerical conversioa (by IDA) of man's take-
up date code.

Numerical conversion (by IDA) of man's EAOS
date code.

Column subscript - usually refers to Jth
ship.

Control indices for computation and recom-
p.vation of (POB)/(EDP) ratio and utility.
After an assignment utility and (POB)/(LDP)
ratio recomputed only for ship just assigned
to.

Element index for wijk vector describing
assignment of Ith pan to Jgth ship.
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19,

20.

2l.

22,

23.
2k,

25

Ks(1,J)

MA(T,J)

MR(T)

NSHIP
SA(I,T)

W(I,J,K)

APPENDIX D

flull no., name, deployment dates, homeport
and identification number corresponding to

ID(J), IP(J) for J'P
Lth

ship.
Data vector, for man, taken from assign-
ment deck. (Name, serial no., rate, rate
code, etec.)

Rate code table which is compared to man's
rate code to find rate code index IR(I).
Numbe: of men in set tc be assigned.

Number of ships to be assigned to.

Array of (POB)/(EDP) values for ships.
(NSHIP X 30)

First 19 cols: EDP UNext 15 cols: POCB

Il X NSHIP array of vectors describing

assignment of 1th pan to yth ship.
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,! \ i
. . APPENDIXD .
i Detailed Plain-lanmuase Flow-Chart for AUTAN

Reads

numbex sets of men: number of ships; ships!
identification, deploy dates, homeport;
ships® EDP, POB; acsignment weights

l

Set data-set counter.

(IRUN =1)

Y

Read wumber of men in this set.

Set man :l.ndox.f

- “_‘f. .

(1=1) ‘

Read assignment-card deck for :Lth nane

l .

Convert EAOS and takeup date—code to nmumber
of months from JAN 65. - (FUNCTION IDA)

l |

Set ship index, (J=1}

l<

L ;Q;,_# |

v .

Convert jth ship*s deploy and return date-
code to number of months from JAN 65. .

(FUNCTION ITA)
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APPENDIX D

Is 19 man's takeup date
before deployment date of

.‘)th ship? 7
lYes

Is ith man's takeup date

ment date of 2 ship?

within 3 months hefore deploy-

o

[Fy=2

Is ith man'c takeup date
during ;jth ship*s deployment?

J:m

¥y32= ¥,52=0
Is ith man's EACS date after No
Jth ship's return date?
t:..
Wi 33::1 'i ”-0
]

o

ra . S




P APPENDIX D

o

; Is ;jth ship's homeport 1 Yos
P man's first homeport choice?
| - : »
i No
: Is e ship's homeport i
e man's second homeport choice?
o
33470 ] Ws

< -
A1
'Eave ell siips been pro~ )
cessed? .(j=NSHIP?) | 0
h” . e o
Find rate index for ith
nan's ra*:ie-code.
Have all men in this set
been processed? (iZN?)
fes AN /
Set ship index limits for | . .ol
cbmputatibn of assignment - | DI
utility arvey.,
(JA=1 , JB=NSHIP)
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[N ,._..,,.»..-_._._J'

. . ) : . i
; o . . \
i . . . - '
. . . . :
. . e . poe e . ;
: . 1

v . - . R - ‘ :
Set assignment counter. ' S ‘

(12=1) _
<

V4
Set man index.

| (1=1) |

O ,
| \% @

e = e i sty 0

: ' ‘ Has 1°® nan already beon
‘ assigned? (mi;f 0?)

Set ship index., (J=JA) e . " |
Compute POB/EDP ratios for oL | . . |
1% pan g0 1P anip, | [T ~T - |

(SUBROUTINE RATIO) A BRI L C T |

l o RS _:‘r;:,\: e '

Compute assigm;ent utility of | R |
ithman to jth‘ship. [ :

l . . \ b

Have all necessary coxi:puta—
~ tions (or recomputations} of Mo ol i=i+1 | !
assignment utilities for gt . ' |
man been done? (J=JIB?) . ;

R e O N

Artirs vt ———— L e ——— o —— i it % o arp e Gt e o . - - d———— e .




APPENDIX D

(1)

Have ali men in this set
been processed? (i ZKN?)

Yo oliaiet 8

lm

Assign one man. (SUBROUTINE

ASSIGN. wth man ie ass:lgnod

to T, ™ ahip.)

l

Set ship index limits for

recomputation of affected

assignment utilities,
(JA=JB =mm)

;

Have all men in the set been
assigned? (I2ZN?)

o _plTomiz+t -a@

lm

Have all sets of men besn
assigned? (IRUN 2 NSET?)

Yes

[ s m e
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Part 2

Function Subprogram IDA
Subroutine Subprogram RATIO

Subprogram Subroutine ASSIGN

83




APPENDIX D

TABLE OF VARIABLES AND CONSTANTS USED IN FUNCTION IDA

IM
1Y
KM(T)
LM
LY
IDA

Alpha~-numeric month code.

Numeric year code.

Table of month codes for decoding IM.
Noe. of months from January.

No. of years from 1965.

No. of months from January 1965.

8L




'M

: : ' APPENDIX D
Plain-langua " ow=C. 0, ction Subpro IDA

| : FUNCTION IDA comverts month-year code (I¥,IY) to mumber of
; months from January 1965. A4ll date codes are assumed to be
- included in period Jamary 1965-December 19,

Set 12 elements of month | L _ s - i
code in K¥ array. . S '

| : (= (1,2,3,4,5,6,7,8,9, SR
| | 0,3,8)) - S
. - |

Initialize iteration

» counter, (i=1) ‘ .

Is month~code same as 1“ Have all ele- .
eloment of KM array? TN Fymype ments in KM

(IM:KH;L?) array been com-

ly o5 ¢ |paved? (1>122)

Nunber months from Jan. . o l!oa
equals number iterations T Print "ERROR IN
minus one. (IM=i-1) : DATE-CODE® .

-~
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Is year-code 257
(1Y25%)

No

Number years from 1965
equals year-code plus
five years, (LY=IY+5)

Number of years from

1965 equals year-code

minus five years.
(LY®IY - 5)

r

Number wonths from Jan 1965
equals number months from .
Jan. plus 12 times m-mbor
years from 1965.

(IDA=1M +12(1Y))

(=)
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1.

2.

APPENDIX D
TABLE OF VARIABLES AND CONSTANTS

USED IN SUBROUTINE RATIO

S(L,M) EDP-POB values for ship M. Same as
SA(L,M).

XE EDP for rate or rate above or rate below

that of 1th man on MR ship.

XEE EDP for rate of 1th man on Mth ship + 1.

XP POB for rate or rate above or rate below
that of I'® man on MP® ship.

XPP POB + .1 for rate of I'® man on M*® ship.

w5 Dummy variable for temporary storage of

(POB)/(EDP) ratio.

L Subscript corresponding to rate code index
for Ith man. Varies to include rate above
and/or below values.

K Iteration counter used to place W5 value in
proper element of wijk array and to terminate

ratio process.
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Set iteration index.
(k=1)
Set variable rate index to

:i.th man's rate-~code index.

(L=1R)

Compute POB/EDP ratio for
ith man,

IR u* POB; ]!

IR,
Is ith man CPO?
(IR=1,6, or 117)

Ko

Is ith man a striker?

(IR=5. 10' or 15?)

No

- 89
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S

Set variable rate index to
rate below. (L=L+1)

l

Assign W5 value to proper
element in W array.

" (wi.M,K-r =)

Advance iteration index.
(K=K+1)

Has POB/EDP ratio for rate
below been computed?
(k> 2?)
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Set variable rate index to ;
rate above. (L=1I~-1) C, 7_ '

Assign W5 value to proper ' :
olement in W array. )

(%4 x4 6= )

'

Advance iteration index,

(K=K+1)
l

Has POB/EDP ratio for rate S
above been computed? ' = |- 2 .®

(k> 2)?

Yes
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Set variable rate index to

rate above {first iteration)

or rate below (second iter-
ation) ith man's rate.
(L=L+E(-1)F)

l

Assign W5 value to proper
element in W array.

;

Advance iteration ! Te

(R=K+1}

Has POB/EDP ratio for rate
above and below bnn

computed?
(k>3)?
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1.
24

3

Ry

DM

JK

LM

JS

IT

APPLENDIX D

TABLE OF VARIABLES AND CONSTANTS

USED IN SUBROUTINE ASSIGN

Maximm utility of I'P man.

Next highest utility of 1®P man.

Maximum difference between RM and RN for
all unassigned men.

Temporary storage for num.er of ship which
has highest utility for Ith man.

Number of man (utility array row) which is
to be assigned.

Number of ship (utility array column) to
which LN'® man is to be assigned.

Dummy variable which defines column in

POB array to be corrected when man is

assigned.

9k

T =" v

-

- T T GEMEL -,




Set difference variable to
Z0T0, (Dll=10)‘
Set man index. (i=1})

Has ith man already been
assigned? (IM;# 07}

lm

Set row-max variable (RM}

and row-next-highest

variable to sero.
(RE=RN=0}

l

Set ship index .to one.

(3=1)
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Is utility of 1*® man to

;lth ship greater than or

equal to value of RM?
(1{i j?. Ru?)

Yon

No

Is utility of 12 pan to

jth ship greater than or

y

Replace RN value with
value of FM. (RN=RM)

Replace RM value with

value of '013. (Rll-’-Uia)

Store ship index in JK.-
(JR=3)

equal to value of RN? '
(U, = RN?)
1)
Yo eplace RN value
i th Uy value,.
(RN:U“)

" i Y

] .
Have all ships been pro~
cessed for i%P pan? __Fo_ ) j=i+1t ——#@

(3= NSHIP)? _ .

lx..

Is valri of a._ference
variable greater than or
equal to difference between
maximum utility and next-
highest utility of :1.1.'h man?

(DM E (RM-RN)?)

o

Tos

- 96
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O

Replace value of DM with
value of RM - RN,
(DM =RM - RN)
Set man-assignment index
to value of man-index.
(Li=1)
Set ship-assignment index
40 value of JK.
(FJS=JK)

Have all men in set been

‘processed? ¥ izi+t __,®

(12N7?)
l!ea i v |

AssignmthmtoJSth ‘ L L,

ship. (Print assignment
information.)

!

Correct PUB of ship JS for

mth man's rate. Set assign-

ment index to reflect assign-

zent of 1D pan to JS'B
ehip. (DL,=JS)
RETURN
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APPENDIX D

Modification to Program AU'MI' for RowColumn Method of Assignment

. s e+ O A

JA =

DO 90 1I2=]1,4N
C
C EXECUTE THIS LOOP FOR ASSIGNMENT -
C ' -

DO 88 I=1,N

GR{1)=0,

IF(IM(11)86+86+88

86 DO 189 J=1,NSHIP
CALL RATIO(IR(I)eI9J)
UlleJ)=A(1)
00 189 K=1,11
UlTod)msUCToJ)+W(TsJeK)RA(K+1) -

189 CONTINUE

88 CONTINUE
CALL ASSIGN(NsIRsIMsJASIK)

'
\

*Statements shown above replace card mmbers 0100-0115
(inclusive) in Program AUTAM,




APPENDIX D

Modification to Program AUMN for Marginal Utility Computation

171

188

168

173

170
172

SU=SRU=TN=0,

DO 168 I=1,N
IFIIM(11~-99)1719168,168

J = IM(D)

IRA=IR(I)+15
SA{IRA»J)=SA(IRAsJ)=1,

CALL RATIO(IR(I)oIo»J)

T=A(1) ,

DO 188 K=1l,11
GR(K)=GR(K)+W(19JsK)
TaT+W(ToJeK)#A(K+]1)

SU=SU+U(1eJ)

SRU=SRU+T |
SA(IRA»J)=SA(IRAJ)+]1, .
PRINT 1709I9JsUtTsJd)oTolK(I)o(W(IoJoK)sK=1p1ll)
TN=TN+1e. :
CONTINUE

PRINT 172sSUsSRUs (GR(K)sK=1s11)
SU=SU/TN $ SRUsSRU/TN

DO 173 K=1,11

GR(K)=GR(K) /TN '
PRINT 172,SUsSRU» (GR(K)sK=1y11)
FORMAT(1H »21592F106395Xs1392X911F742)
FORMAT(11Xs2F1063910X911F743)

\

*The above statements follow card number 0124 in Program AUTAN.
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SEQUENTIALLY

NyIR, IMsLM) _ _ .
In EACH ROW

Program Listing for Row-Max Method

1.
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7 Progranm L:lsting”for Row—Colpnm-ng Method
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